INTRODUCTION
A variety of intestinal bacteria have been shown to be capable of degrading choline to trimethylamine (1-3) which is readily absorbed from the intestine and excreted in the urine mainly as trimethylamine oxide. When a relatively large amount of choline is ingested by normal persons, about 60 per cent appears in the urine as total trimethylamines (TTMA), mostly within 24 hours (3) .
Part of the evidence gathered to establish this phenomenon was that, following ingestion of choline with aureomycin, much less TTMA than usual were excreted (3, 4) . Further experiments were undertaken to elaborate upon the inhibition of TTMA formation from choline by antimicrobial agents.
Several antimicrobial agents were administered in single therapeutic doses simultaneously with choline to determine whether they exhibited an effect similar to aureomycin. The period of suppression of bacterial degradation of choline was explored by allowing a time interval between the ingestion of the antibiotics and the choline. The development of bacterial resistance to the suppressive effect was studied by the protracted administration of an antibiotic in conjunction with repeated ingestion of choline.
MATERIAL AND METHODS
Of the 36 subjects used in this study, 26 were patients hospitalized at Cook County Hospital for a variety of causes other than intestinal or hepatic disease, and 10 were young, healthy physicians.
Choline was given orally in the form of bicarbonate 1 in amounts containing 4 Gm. choline base (460 mg. N) with the exception of the four normal subjects who received 5.4 Gm. choline chloride (540 mg. N). This is twice the 1 Thanks are due to Commercial Solvents Corporation for the generous supply of choline bicarbonate syrup. amount of choline used in previous studies (3) . This large dose of choline was chosen since the use of a larger dose would give a better indication of the depression of trimethylamine formation by the antimicrobial agents. Following this, the urine was collected for the first and second 24 hours in separate containers using hydrochloric acid as preservative. The 24 to 48 hour excretions were determined to serve as a check that no unusual delay in TTMA excretion occurred, which might account for low values in the first 24 hours. Urinary TTMA were determined by the reduction-aeration-reineckate method reported previously (3) and the results are expressed in mg. TTMA N. At least one week was allowed to elapse between the first (control) determination and the one in which an antimicrobial agent was given together with choline. This interval was chosen to make certain that the TTMA excretion had returned to the small basal level (5 to 15 mg. TTMA N per 24 hours), resulting probably from the degradation of dietary choline. In the four instances in which one subject was used for two tests, at least two weeks elapsed between determinations.
In the single experiments, the following antimicrobial agents were given orally: aureomycin (500 mg.); terramycin (500 mg.); penicillin 0 (600,000 units); dibenzylethylenediamine penicillin (DBED-penicillin) (600,000 and 25,000 units); sulfaphthalidine (4 Gm.) ; and gantrisin (4 Gm.) . In the protracted experiments, DBED-penicillin was given in amounts of 200,000 units with choline and, on the days in between, 100,000 units were given twice daily. In similar experiments one Gm. of aureomycin was given daily for seven days. Aureomycin was also given intravenously in the form of 500 mg. in saline the evening before the administration and the same dose the next morning when the test dose of choline was given orally.
From terramycin, penicillin 0, DBED-penicillin, sulfaphthalidine and gantrisin, no trimethylamine was recovered in vitro when the method used in the urines was applied. Aureomycin produced in vitro traces of trimethylamine, but failed to produce any increase in urinary TTMA excretion after oral administration in a normal person.
RESULTS
The 32 subjects, who received 4 Gm. choline, excreted from 220 to 315 mg. TTMA N within the first 24 hours after ingestion of the choline, with a mean excretion of 262 mg. Only in three instances 1117 Figure 1D ).
Following the administration of 25,000 units of DBED-penicillin to two subjects, the mean TTMA N excretion of 280 mg. was reduced to 136 mg. (Figure 1E ). Sulfaphthalidine (Figure 1F ) and gantrisin ( Figure 1G ), both given in amounts of 4 Gm. to three patients, did not significantly alter the average TTMA excretion following ingestion of choline. Intravenous aureomycin also had hardly any effect in three subjects ( Figure 1H ). Five subjects received 600,000 units of DBEDpenicillin 24 hours before the standard dose of choline. Urine collection was begun with the ingestion of the choline. The average control TTMA N excretion was 265 mg. whereas after penicillin administration the excretion was 210 mg. (Figure 2 ).
Prolonged administration of antibiotic agent
In five persons the TTMA excretion, after administration of choline alone and of choline with 200,000 units DBED-penicillin, was determined. of the entire study was the 24 to 48 hours excretion significant. The average urinary excretion of TTMA N in this period was 34 mg. (about 7 per cent of the 460 mg. of choline N fed) for the controls and tests. Since one-third to one-half of this amount is basal excretion, only 3 to 5 per cent of the choline nitrogen fed was excreted in the second 24 hours urine collection, and this small amount has been disregarded in the consideration of the results.
Effect of antimicrobial agents fed simultaneously with choline Three persons, given aureomycin together with choline, excreted an average of 68 mg. of TTMA N compared to 233 mg. when choline was fed alone ( Figure 1A) . Following administration of terramycin to three subjects, the mean TTMA excretion was 64 mg. N in contrast to 270 mg. N after feeding choline alone ( Figure 1B ). In the two subjects, each of whom received penicillin 0 together with choline, the mean control TTMA N excretion of 260 mg. was reduced to 59 mg. (Fig-A Subsequently, they were fed daily doses of 100,000
units twice a day of DBED-penicillin for one to three weeks. At weekly intervals, a standard dose of choline was given and the urinary TTMA were determined. The penicillin administration was not interrupted during the period of the tests with choline. In these persons, the mean control TTMA N excretion was 263 mg. The excretion after the initial dose of penicillin was significantly reduced (89 mg. N); after the first week of daily administration of penicillin an almost complete return (220 mg. N) to the control value was observed. In the three persons who were continued on penicillin for two weeks, and in the two who were continued on penicillin for three weeks, the values had returned to control levels (278 and 270 mg. TTMA N, respectively) ( Figure 3 ). Four normal subjects were given aureomycin, one Gm. a day continuously for seven days. Choline chloride, 5.4 Gm. a day, was given on the first, the second, and the seventh day. A decrease of urinary TTMA excretion of approximately 50 per cent of the control level was noted following administration of aureomycin for one day, but the TTMA excretion returned to control levels by the seventh day.
DISCUSSION
The antibiotic agents studied are capable of inhibiting significantly the degradation of choline to trimethylamine by intestinal bacteria. This is concluded from the reduction in urinary excretion of TTMA from about 50 to 60 per cent of the choline N fed to only 12 to 16 per cent following the oral ingestion of aureomycin, terramycin, penicillin 0, and DBED-penicillin. This conclusion is based on the previous observations that bacteria did not degrade choline to any other nitrogenous compound other than trimethylamine, that ingested trimethylamine is quantitatively excreted in the urine, and that, in conditions with reduced TTMA excretion, no appreciable amount of choline appeared in the feces. Since the reported effect is produced by antimicrobial agents of different chemical constitution, a chemical action can be excluded. The fact that soluble penicillin 0 is equally effective in the doses used, as the slightly water-soluble DBED-penicillin, suggests that the inhibition occurs in the upper portion of the small intestine before adsorption of the antibiotic takes place. When aureomycin is given intravenously a small amount is excreted in the bile (5, 6) Aureomycin, terramycin, and penicillin have shown a definite delaying effect on experimental dietary necrosis and cirrhosis (9, 10, 11) . In the short-term experiments, dealing with fatty liver and hemorrhagic cortical necrosis of the kidney, the beneficial effect of antibiotics may be related to the inhibition of intestinal degradation of choline (12) . On Intravenous aureomycin and oral sulfaphthalidine and gantrisin are ineffective.
The described antimicrobial effect disappears within 24 hours after the administration of a single dose of penicillin. With continuous administration of pencillin, the antimicrobial effect disappears within one to two weeks indicating refractiveness of the bacteria.
The significance of these findings and the understanding of the effects of antibiotics in hepatic coma and choline metabolism are discussed.
